Process Description and Selection Factors
The process used as the design basis for treatment of Horseshoe Bend seep water, Continental Pit water (Montana Resources' active mine pit), and Berkeley Pit water in the future (starting around 2017), incorporates a two-stage High Density Sludge (HDS), lime neutralization approach to produce water for discharge or reuse in MR's copper concentrator. The two-stage process was a result of the Remedial Investigation/Feasibility Study for the Berkeley Pit demonstrating that aluminum, having its minimum solubility around neutral pH, would redissolve excessively at the higher pH values that are necessary for optimum removal of zinc, manganese, and cadmium. Selection of the HDS process was influenced to a great extent by benefits derived from a system that provides much higher percent recovery of the influent flow (with HDS) compared to the expected recovery with a low-density treatment system (conventional). This comparison typically shows an order of magnitude difference.
The Statement of Work (SOW) as permitted by the ROD requires that 95% of the HSB channel on a yearly flow basis must be prevented from entering the Pit. This, in effect, reduced the quantity of sludge blowdown allowed (including the grit flow from lime slakers and periodic flush water for the common sludge disposal line) to less than 5% of the treated flow. Since this is attainable under the HDS scenario, disposal of sludge into the Berkeley Pit was allowed following a review of dispersion modeling and sludge stability predictions as completed during a pilot testing phase at MSE. If a low-density treatment system had been utilized, either an equal volume of Berkeley Pit water would have needed to be withdrawn and treated to offset sludge flow going into the Pit or a separate on-site sludge waste disposal area would have needed to be constructed. The estimated cost for a 30-year sludge repository was $15-25 million in capital (the range representing un-lined and lined options), plus an expected need for sludge dewatering equipment, plus operations/maintenance for this entire additional investment.
In summarizing, a low-density treatment option would have resulted in higher costs based on an evaluation that assessed the additive effects from either of the following scenarios:
 For sludge disposal in a separate repository, the cost for this plus sludge dewatering equipment that likely would have been needed, involved considerable additional expenditures over the HDS process.
 For sludge disposal in the Pit, an additional volume of Berkeley Pit water to offset the sludge would have needed to be withdrawn, thus requiring an increase in the treatment plant capacity by ~ 20% and an expected 30% increase in lime neutralization cost due to both the higher flow and the more concentrated pit water.
Pilot Testing Phase
The pilot testing processes associated with the design of the Horseshoe Bend water treatment facility was comprised of two specific test sequences. The first of these sequences was related to treatability testing to determine the effectiveness of the proposed process to meet the water quality discharge requirements and generate required design data for the final plant design. The second testing sequence was a series of tests to establish the geochemical interactions between the high-density sludge and the water contained within the Berkeley Pit.
Treatability Testing
In the treatability testing sequence three series of tests were performed. The first series of tests were initiated in March of 2001. The second series of tests were initiated in August of 2001, and the third series of tests were initiated in October of 2001. In each of these a combination of batch-type tests, continuous flow tests, and physical tests were performed to evaluate the following specific objectives that were established for the process treatability testing:
 Determine whether the planned two-stage, HDS, lime treatment process will meet discharge requirements;  Determine the process conditions needed to meet discharge requirements;  Determine other process information for design purposes for both stages, such as the rate of dry solids formed, the sludge density, the sludge volume, the specific gravity of the sludge, the flocculant dosage, and the sludge settling rates;  Evaluate the post-treatment formation of calcium sulfate in the discharge stream; and  Determine the representative toxicity of the effluent as produced from the pilot plant.
Following a series of batch (or jar) testing procedures to establish specific criteria, continuous flow testing was performed using a pilot-scale mini-plant that was assembled to simulate the full-scale process including process controls. The mini-plant was operated at a feed rate of 100 milliliters per minute (ml/min) using both Horseshoe Bend water and a mixture of Continental pit water and Horseshoe Bend water.
From the results of the treatability test sequences detailed above, it was determined that the two-stage, high density solids, lime/aeration treatment method would be able to meet the discharge limitations imposed by Water Quality Bureau Circular Number 7 (WQB-7), Montana Numeric Water Quality Standards for disposal of the treated water into Silver Bow Creek as those standards existed at the time of the testing and dependent upon the dissolved concentration of iron in the influent stream to the facility.
The pilot plant effluent quality shown in Table 1 below is the range of values determined from the analysis of the appropriate samples acquired during the treatability studies. .5 -9.5 6.5 -9.5 9.0 -9.5 1 Human health standard. 2 Secondary MCL -detailed note of explanation number 24, WQB-7.
Sludge Stability Testing
In this testing sequence, tests were conducted using sludges (first and second stage) produced by the operation of the previously described mini-plant, along with water (near surface, plus 100 feet and greater than 200 feet in depth) from the Berkeley Pit. In addition, a geochemical model was developed to simulate the geochemical interaction of the mini-plant sludges and the Berkeley Pit water into the future.
In the sludge stability testing sequence two groups of tests were performed. A future prediction was generated simulating the bulk Berkeley Pit water composition yearly over a 20-year period using the volume and composition of Berkeley Pit water, the annual Berkeley Pit groundwater inflow rate, and the expected annual sludge composition and volume produced by the Horseshoe Bend treatment plant.
Process Flow Diagram
It was determined during the BMFOU Feasibility Study that the most suitable technology for treating Berkeley Pit/Horseshoe Bend type water was a two-stage hydroxide neutralization/aeration process followed by clarification in both stages. This concept was developed into a HDS water treatment scenario starting during the proposal phase and it was supported by data generated during the pilot testing phase including sludge evaluation factors described above. The process that was selected to provide the optimum treatment method for the HSB Water Treatment Facility is shown in Fig. 1 Table 2 . These are intended to be representative, but the water compositions are not constant and do fluctuate. 1. All analyses are dissolved. 2. Horseshoe Bend analyses an average of samples taken 8/9/00, 8/31/00 and 9/13/00. 3. Continental Pit analyses an average of samples taken 9/13/00 and 9/20/00. 4. Berkeley Pit analyses of samples taken 11/19/99.
Water Treatment Facility -Key Features
Many of the important operating features incorporated into the design are listed below:
 System is fully automatic with remote alarm indication.
 System uses the High Density Sludge (HDS) process to minimize volume of sludge blowdown.
 System uses aeration to enhance sludge stability and optimize metals removal with the highest oxidation state.
 Concrete design and construction for major tanks provide longevity.
 Efficient turn down capacity. System will consume less power at the lower flows expected initially.
o Influent and effluent pumps operate from variable frequency drives.
o Sludge recycle pumps operate from variable frequency drives.
o Blowers can be turned down with the inlet butterfly valve and reduce power consumption.
 Equalization basin is used to minimize influent variations.
 Redundant lime systems are provided.
 Redundancy is provided in other major components.  Sludge samples were taken to determine the percent solids and total sludge flow going into the Berkeley Pit.
 USFilter and operating personnel used the HMI system to monitor the treatment facility process and to make set-point changes, equipment operation changes, and control changes as necessary to operate the facility.
The Interim Standards are provided in Table 3 . These represent the parameters of concern for the effluent discharge standards. Chronic aquatic life standard from WQB-7.
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The interim standards for cadmium and zinc are derived from pilot studies and represent a maximum monthly average and daily concentration limit that may occur during shakedown operations as experience is gained with operation of the treatment system.
Results of analytical work based on the samples collected during the Performance Test are given in Table 4 . Sludge data is also presented as follows in Table 5 . Following the presentation of the Performance Testing results, it was determined that another 72-hour Performance Test would be conducted to determine optimum results that can be achieved when the facility produces an effluent < pH 9.5 at the final location in the plant proper where pH is monitored and continuously recorded. This is at a sampling station located within the effluent pump room. In addition, a final 72-hour Performance Test at pH 11.2 will then be conducted to determine expected plant performance relative to the Final Standards.
